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Clinical Article 



Clinical and Radiological Comparison of Femur and 
Fibular Allografts for the Treatment of Cervical 
Degenerative Disc Diseases 

Hyeong-Seok Oh, M.D., 1 Chan Shik Shim, M.D., Ph.D., 2 Jin-Sung Kim, M.D., 3 * Sang-Ho Lee, M.D., Ph.D. 3 

Department of Neurosurgery,' Busan Wooridul Spine Hospital, Busan, Korea 
Department of Neurosurgery; 2 Wooridul Spine Centre, Dubai, United Arab Emirates 
Department of Neurosurgery, 3 Wooridul Spine Hospital, Seoul, Korea 

Objective : This consecutive retrospective study was designed to analyze and to compare the efficacy and outcomes of anterior cervical discectomy 
and fusion (ACDF) using a fibular and femur allograft with anterior cervical plating. 

Methods : A total of 88 consecutive patients suffering from cervical degenerative disc disease (DDD) who were treated with ACDF from September 
2007 to August 201 0 were enrolled in this study. Thirty-seven patients (58 segments) underwent anterior interbody fusion with a femur allograft, 
and 51 patients (64 segments) were treated with a fibular allograft. The mean follow-up period was 1 6.0 (range, 1 2-25) months in the femur group 
and 1 9.5 (range, 1 4-39) months in the fibular group. Cage fracture and breakage, subsidence rate, fusion rate, segmental angle and height and 
disc height were assessed by using radiography. Clinical outcomes were assessed using a visual analog scale and neck disability index. 
Results : At 12 months postoperatively, cage fracture and breakage had occurred in 3.4% (2/58) and 7.4% (4/58) of the patients in the femur 
group, respectively, and 21.9% (14/64) and 31.3% (20/64) of the patients in the fibular group, respectively (p<0.05). Subsidence was noted in 
43.1 % (25/58) of the femur group and in 50.5% (32/64) of the fibular group. No difference in improvements in the clinical outcome between the 
two groups was observed. 

Conclusion : The femur allograft showed good results in subsidence and radiologic parameters, and sustained the original cage shape more effec- 
tively than the fibular allograft. The present study suggests that the femur allograft may be a good choice as a fusion substitute for the treatment of 
cervical DDD. 

Key Words : Anterior cervical discectomy and fusion • Femur allograft • Fibular allograft ■ Radiological parameter. 



INTRODUCTION 

Although anterior cervical discectomy and fusion (ACDF) 
was initially described in the 1950s, the ideal interbody graft 
material for use in this procedure remains to be identified. A 
tricortical iliac crest autograft is still considered by many to be 
the gold standard, but bone grafting is associated with a high 
rate of donor site morbidity and adds to the operative time. 
Therefore, allografts are commonly used to bridge bone defects 
after a discectomy. Fibular grafts are popular among spine sur- 



geons for cervical fusions. Although cortical allografts are read- 
ily available and are reported to result in successful ACDF pro- 
cedures 141 , a potential downside to their use is the prolonged 
time for remodeling and full incorporation 27 '. Additionally, due 
to their significantly greater stiffness in comparison to the cer- 
vical endplate, they may promote subsidence, particularly if the 
endplate has been resected during surgery or in patients with 
decreased vertebral body bone density 161 . 

Femur allografts are reported to possess more cortical thick- 
ness and compressive strength than rib and iliac crest allografts 
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in biomechanical studies 30 '. We hypothesized that femur mate- 
rial may reduce the likelihood of graft collapse and resorption 
before fusion as compared to fibular grafts. However, no clini- 
cal or biomechanical results have been reported on this subject. 
Although a previously published study on allografts reported 
various fusion rates with subsidence 23 ', it did not show what 
types of allografts had superior fusion rates and less subsidence, 
breakage, and fracture. The purpose of this study was to analyze 
and compare the efficacy and outcomes of anterior cervical fu- 
sion using a fibular and femur allograft with the anterior cervi- 
cal plating system in degenerative disc disease (DDD), using 
plain radiographs and computed tomography (CT) scan analy- 
sis to assess the results. 

MATERIALS AND METHODS 

Patient population 

From September 2007 to August 2010, a total of 93 consecu- 
tive patients were enrolled in the study. The level of operation 
was between C3 and C7. All patients had suffered from degen- 
erative cervical radiculopathy that was resistant to conservative 
treatment for at least 6 months and they had no history of prior 
cervical surgery. The patients underwent ACDF with allografts 
and the anterior plating system. We analyzed the clinical out- 
comes of the patients who underwent treatment with femur al- 
lograft cages (Ultra CI®; Tissuenet, FL, USA) (37 patients, 58 
levels) or a fibular allograft (51 patients, 64 levels). No specific 
guidelines or indications were used in dividing the patients be- 
tween the 2 groups. The demographic and clinical data were 
comparable in the 2 groups, though there was a statistical differ- 
ence in the operation level and follow-up period (Table 1). In the 
femur allograft group, there were 17 men and 29 women, and 
the mean age was 56.4 years (range, 32-76 years). In the fibular 
allograft group, there were 30 men and 21 women, and the mean 
age was 53.7 years (range, 29-76 years). Cervical DDD was con- 
firmed by cervical radiography, CT, and 
magnetic resonance imaging (MRI). 
The levels of segment fusion are shown 
in Table 1, and the most common cer- 
vical level involved was C5-6. 



Surgical technique 

Operations in the 2 groups were per- 
formed by 2 surgeons and were consec- 
utively investigated. All patients were 
treated using a standard Robinson and 
Smith's approach to the cervical spine. 
A simple lateral radiograph was used to 
determine the position of the skin inci- 
sion, which was made transversely 
along a skin crease. The correct level 
was ensured using a second lateral ra- 
diograph, and a cervical blade with a 



self-retractor and a pin for longitudinal distraction was placed 
in the adjoining vertebral bodies. A microscope was used in 
most cases during the discectomy. In all cases, the posterior 
longitudinal ligament was opened transversely, and osteophytes 
that were possibly compressing the nerve root were removed 
with a 2 mm Kerrison punch and drill to obtain adequate expo- 
sure and decompression of the dura mater and nerve root ori- 
gin. Endplates were cleaned and fashioned with curettes and a 
high-speed pneumatic drill, and we tried to preserve the end- 
plate as much as possible to prevent cage subsidence. For femur 
allograft cage treatment, the cage size was determined by both 
preoperative templating and intraoperative evaluation using a 
trial cage for sizing to confirm the initial stability For fibular al- 
lograft cage treatment, a pre-sized allograft was selected and 
impacted into place as the cage height was modified by a drill 
until the intraoperative evaluated height was achieved. For all 
patients in both groups, an adequate amount of dried cancel- 
lous allobone chip was prepared and placed into a pre-sized 
cage before impaction. The cage was inserted, and longitudinal 
distraction was slightly adjusted. After the cage was positioned 
and distraction was released, we confirmed that there was no 
minute movement of the cage using a ball probe. Regarding the 
anterior plating methods, four different types of plating systems 
were used in the study, but this factor was not included in the 
analysis. Before closing the superficial layers, a lateral radio- 
graph was obtained, and the correct position of the implant and 
overdistraction was checked by comparison with the preopera- 
tive image. After surgery, patients with an uneventful recovery 
were discharged within a week. All patients were treated with 
the same protocol, consisting of immobilization with the Phila- 
delphia cervical collar for 6 to 8 weeks. 

Clinical and radiologic evaluation 

Clinical outcome was assessed using visual analog scale 
(VAS) scoring for the neck and arm (0-10, with 0 reflecting no 



Table 1. Patients demographic data 



Follow up 


Femur allograft 


Fibular allograft 


p-vahie 


Pt.No 


37 


51 




Mean age 


56.4 


53.7 


0.211* 


SexM:F 


17:20 


30:21 


0.232+ 


Mean BMD spine 


-0.31 


-0.58 


0.424* 


Smoker 


5 


15 


0.079+ 


F/U period 


16 (12-25) 


19.5 (14-39) 


0.001 s 


Level total 


58 


64 


0.029* 


C3-4 


7 


2 




C4-5 


9 


7 




C5-6 


23 


40 




C6-7 


20 


14 




C7-T1 


1 


1 




Two level 


17 


13 


0.046+ 


Three level 


1 







'Independent two sample t-test, +Chi-square test, *Fisher's exact test, 5 Mann-Whitney U test 
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pain); functional outcomes were measured using the neck dis- 
ability index (NDI) score. The NDI score is based on responses 
to 10 questions addressing pain intensity, personal care, lifting, 
reading, headache, concentration, working, driving, sleeping, 
and recreation. The resultant scores from 0% to 100% reflect 
the amount of disability (100% is maximum disability). The 
NDI score was used to compare the pre- and postoperative 
course; scores were collected before surgery and at three months, 
six months, nine months, and 1 year after surgery. 

Radiological assessment was performed using radiography 
and CT. Radiographs were obtained before surgery and at 3 
months, 6 months, 9 months, and 1 year after surgery, and at 
the last follow-up. Three-dimensional CT reconstruction was 
performed when evidence of bone fusion could be observed by 
radiography at approximately 3 to 6 months postoperatively. 
Fusion was considered as the presence of trabecular bone across 
the interface without lucencies between the cage and vertebral 
endplates, and bony bridging formation between the superior 
and inferior endplates. In 14 patients (5 in the femur group and 
9 in the fibular group), CT evaluation was not permitted. There- 
fore, dynamic radiography was used to assess fusion, which was 
defined as less than a 2 mm difference in the interspinous dis- 
tance between the flexion and extension dynamic radiographs. 

An independent observer who was not in charge of the oper- 
ations measured all radiographic parameters using a measuring 
program with a built-in picture-achieving communication sys- 
tem (PiView; INFINITT Co. Ltd., Seoul, Korea). The disc height, 
segmental height, and segmental angle were evaluated on the 
lateral view of each radiograph (Fig. 1). Disc height was mea- 
sured as the mean value of the anterior and posterior disc height 
at the attempted fusion levels. Segmental height was measured 



as the length of the fusion segment from the midpoint of the up- 
per endplate to the midpoint of the lower endplate. Segmental 
angle was measured by checking Cobb's angle between parallel 
lines from the upper endplate and the lower endplate at the fu- 
sion level. 

We classified the cage condition according to cage shape (Fig. 
2). Grade I was defined as an intact cage that sustained its origi- 
nal shape. Grade II was defined as a cage that had eroded either 
the upper or the lower endplate by less than 25% of the cage 
height. Grade III was defined as a cage that had caused both 
upper and lower endplate erosion of less than 50% of the cage 
height. Grade IV was defined as a cage that had sunk more than 
50% of the cage height. We also investigated the fracture lines 
and breakage of the cage. We classified fracture lines as frac- 
tures that were visible on the cage, but showed no distraction or 
breakage. Cage breakage was defined as a broken cage that was 
distracted between the broken pieces. 

The statistical significance of the differences between groups 
was tested by using the non-parametric Mann- Whitney U test 
and the chi-squared test. Continuous variables were compared 
using the t-test where applicable. Significance was set at 0.05. Val- 
ues are given as mean±standard deviation. Statistical tests were 
performed with SPSS software (SPSS, Chicago, IL, USA). 

RESULTS 

Radiological outcomes 

The results on disc space height, segmental angle, and seg- 
mental height are listed in Table 2. There was significant im- 
provement in the disc space height in both groups during the 
first 3 postoperative months when compared with the preoper- 



Disc height 
=(a+b)/2 




Segmental 
angle 



Fig. 1 . This diagram shows how disc height, segmental height and angle 
were determined in this study. 



Grade I DMl^ 

M 

Grade II lib : upper endplate erosion 
Ha : lower 



Grade III upper & lower endplate erosion 

•J 

Grade IV settle downmore than 50% 




Breakage 

Distraction between 
broken pieces 



J 



Fracture line 

Visible but not dislocated 



-si 



Fig. 2. Classification of cage condition and the definition of cage break- 
age and fracture line of cage. 
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Table 2. Summary of disc height, segmental angle, segmental height measurements in femur and fibular group 



Group 


Pre op 


Early postop 


1 mo 


3 mos 


6 mos 


9 mos 


12 mos 


Last F/U 


Femur (Ultra CI) 


















Disc height 


6.211.3 


8.0+0.8* 


7.3+0.9* 


6.7+0.9* 


6.5±0.9 


6.4+0.9 


6.4+1.0 


6.4+1.1 


Segmental angle 


1.614.7 


9.9+4.1* 


7.3+3.5* 


6.1+3.7* 


5.4±3.9* 


5.2+3.9* 


5.2+3.9* 


5.1+3.9* 


Segmental height 


37.1±7.1 


40.5+3.9* 


39.3+3.9* 


38.5±3.7 


38.1+3.8 


38.0+3.8 


38.0+3.8 


37.8+3.8 


Fibular 


















Disc height 


6.7±1.3 


8.8±1.2* 


8.1+1.1* 


7.6+1.1* 


7.0+1.2 


6.7+1.2 


6.6+1.2 


6.5+1.2 


Segmental angle 


2.2±5.2 


9.2+5.2* 


7.1+5.2* 


6.1+5.0* 


4.7+5.2* 


4.7+5.0* 


4.5+5.1* 


3.9+5.7* 


Segmental height 


37.4±3.8 


39.1+3.5* 


37.9±3.4 


37.2±3.5 


36.3+3.5* 


36.1+3.5* 


35.9+3.5* 


36.3+5.1* 



Mean±standard deviation. Paired t-test. 'Intragroup significance compared with preoperative value, p<0.05 



ative state (p<0.05). At the last follow-up, the results show that 
some resorption and remodeling had occurred at the interspace 
level in both groups, and there was no significant difference be- 
tween the groups. An intra-group comparison of the preopera- 
tive and early postoperative height showed no significant differ- 
ence between the groups; this result indicates that the distraction 
force at the attempted fusion levels was adjusted equivalently in 
both groups. 

There was significant improvement in the segmental angle 
between the preoperative and postoperative values in both 
groups, and there was no significant difference between the 
groups. After 6 months, the femur group had more sustained 
angulations than the fibular group. 

The segmental height was increased by surgery in both groups 
(p<0.05). In the femur group, the postoperative value gradually 
decreased until 6 months, after which time, it showed a sus- 
tained tendency. In the fibular group, the 6-month postopera- 
tive values were lower than the preoperative values and continu- 
ously decreased until the last follow-up. Subsidence was denned 
as a difference of more than 3 mm between the preoperative 
and 6-month postoperative values; it was observed in 31.0% 
(18/58) of the patients in the femur group and 37.5% (24/64) of 
those in the fibular group. At 12 months postoperatively, sub- 
sidence was present in 43.1% (25/58) of patients in the femur 
group and in 50.5% (32/64) of those in the fibular group. Al- 
though there were no significant differences in these results, the 
femur allograft appeared to be superior to the fibular allograft 
with respect to subsidence. 

The cage condition results for both groups are presented in 
Fig. 3. In the femur group, there were 40 Grade I, 16 Grade II, 
and 2 Grade III cages at 12 months postoperatively. There were 
no Grade IV cages in the femur group. In the fibular group, 
there were 32 Grade I, 15 Grade II, 13 Grade III, and 4 Grade 
IV cages at 12 months postoperatively. 

The cage fracture and breakage results are presented in Fig. 4. 
At the 12-month follow-up, there were only 2 fractures and 2 
breakages in the femur allograft group. In contrast, there were 
14 fractures and 20 breakages in the fibular group. Femur al- 
lografts sustained a better original cage shape than fibular al- 
lografts. 

In the femur group, fusion was confirmed in 93% (54/58) of 



Femur group 

70 -i 



I I Gr IV 



I Grill □ GrII H GrI 




1M 3M 6M 9M 12M 

Fig. 3. The results of the cage condition in femur and fibular group. 



Femur fracture ^1 Femur breakage 
I; 1 Fibular fracture Fibular breakage 



35 -i 

30- 

25 

20 

15 

10 

5 

0 



31.3 



26.6 



26.6 




3.4 



J 1 1 rB I 



1 2 3 4 5 

Fig. 4. The results of fracture and breakage of cage in both groups. 
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the patients at 6 months, and this result was consistent at 12 
months. In the fibular group, fusion had occurred in 72.6% 
(47/64) of the patients at 6 months and 85.5% (55/64) of the pa- 
tients at 12 months (Table 3). At 6 months postoperatively, 
there was a significant difference between the groups (p<0.05), 
but no difference was identified at 12 months postoperatively. 

Clinical outcomes 

The clinical outcomes are summarized in Table 4. There was a 
significant reduction in the severity of neck and arm pain be- 
tween the pre- and postoperative periods based on VAS scores 
in both groups (p<0.05). A significant increase in muscle strength 
was noted in patients in both groups according to the NDI score 
during the postoperative period (p<0.05). There was no signifi- 
cant difference between the 2 groups regarding reduction in 
postoperative pain and neurological recovery. All patients were 
discharged within 10 days. There were no immediate proce- 
dure-related complications in either group. During the follow- 
up period, 1 case of screw loosening and 1 case of cage migra- 
tion was observed in the femur group. In the fibular group, there 
was 1 case of screw loosening and 2 cases of cage migration. 
These patients showed good clinical outcomes on follow-up, 
and no revision surgery was necessary. 

DISCUSSION 

Pseudarthrosis and graft collapse are the main issues that can 
occur after anterior cervical fusion. To decrease the incidence 
of these problems after surgery, several variables, including 
graft selection, fusion extenders or graft substitutes, and plate 
design, have been considered. In terms of graft selection, a 
higher fusion rate was reported with the use of autografts 1 ' 9 ' 31 '. 
However, owing to the donor site morbidity of autografts, al- 
lografts have become more popular, although more time may 
be required to complete fusion 4 ' 10 ' 17,31 '. 

Many reports have concluded that a fibular allograft is an ef- 
fective substrate for achieving fusion after an anterior discecto- 

Table 3. Summary of comparisons about fusion of both groups 



Follow up 


Femur 


Fibular 


p- value 


3 months 


49/58 (84.5%) 


23/64 (35.9%) 


0.000* 


6 months 


54/58 (93.1%) 


47/64 (73.4%) 


0.004* 


9 months 


54/58 (93.1%) 


49/64 (76.6%) 


0.013* 


12 months 


54/58 (93.1%) 


55/64 (85.9%) 


0.248 



Fisher's exact test or independent two sample proportion test. Intergroup significance, p<0.05 
Table 4. Summary of NDI and VAS scores in both groups 



my 14 ' 18 '. However, this allograft cannot support the interspace 
height for long-term measurement because of graft slippage, 
subsidence, and compression 5 '. Allografts and bone substitute 
have higher rates of non-union than autografts, and may be as- 
sociated with a higher incidence of graft collapse 1 ' 2,9,18 '. Graft-re- 
lated problems in the neck include collapse and extrusion, as 
well as failure of fusion due to pseudarthrosis 31 '. Allograft sub- 
sidence and fracture likely stem from multiple causes, including 
osteoporosis, aggressive endplate preparation, excessive anteri- 
or distraction 22 ', postoperative exogenous forces, and brac- 
ing 3,9 ' 20 '. Cage subsidence or migration has also been observed 
and results in disc height collapse and kyphotic deformity 21 '. In 
addition to a high fusion rate, successful treatment depends on 
the maintenance of the interspace height and segmental an- 
gle 15 '. Moreover, in the postoperative period, significant chang- 
es occur in the mechanical properties of both the graft and the 
endplate. Enneking et al. 8 ' found that during the period of graft 
incorporation, vascular ingrowth is associated with a decrease 
in mechanical strength. Later, this strength returns 8 '. These 
changes in the mechanical properties of the host and graft bone 
may also account for graft fracture or subsidence. In this study, 
we classified cage shape and compared the femur group and 
fibular group over a time course, as presented in Fig. 2. We 
placed importance on cage deformation as a cause of subsid- 
ence, and classified the common features of cage deformation. 
Our results show that compared to fibular allografts, femur al- 
lografts are superior in sustaining their original shape and show 
better results for subsidence, segmental angle, and disc height 
during the follow-up period. 

During the analysis of bone quality in human long bones by 
CT, the cortical density was found to be similar between the fe- 
mur and fibular shafts, but the bone strength index was higher 
in the femur shafts than in the fibular shafts 26 '. In biomechanical 
studies, grafts from the distal tibia and femoral head were shown 
to be significantly stronger than those from the distal femur, 
proximal tibia, and humeral head, making them optimal al- 
lograft materials 6 '. In addition, femur allografts possess greater 
cortical thickness and compressive 
strength than rib and iliac crest al- 
lografts 30 '. A femoral ring allograft is one 
of the most commonly used materials in 
lumbar fusion because of its strength in 
compression and its osteoinductive and 
osteoconductive properties 29 '. In addi- 
tion to cervical fusion, there have been 









NDI 






VAS score 


Group 










Upper Ext 


Neck 




Pre op 


1 mo 


3 mos 6 mos 


9 mos 


12 mos 


Pre op 12 mos 


Pre op 12 mos 


Femur 


42.2±15.6 


34.7±16.0* 


30.3±16.5* 27.5±15.2* 


27.6±15.2* 


27.8±15.3* 


6.8±2.0 1.7+2.1* 


5.0±2.3 2.1±2.2* 


Fibular 


41.7±15.4 


32.7±10.7* 


27.2±12.6* 26.9±13.8* 


26.1114.2* 


25.2±14.7* 


6.8±2.4 1.9±2.1* 


4.5±3.0 2.312.4* 



Mean±standard deviation. Paired t-test Intragroup significance compared with preoperative value, p-cO.05. NDI : neck disability index, VAS : visual analog scale 



10 



Femur and Fibular Allograft in ACDF HSOh, etal. 



several reports on the successful implantation of femoral head 
allografts 18 '. 

Five prospective studies have compared allografts with auto- 
grafts 1 ' 2 ' 4 ' 28,31 '. These studies encompassed 251 single-level fu- 
sions with a fusion rate of 94% for autografts and 85.3% for al- 
lografts. Suchomel et al. 28) found a 94.6% fusion rate using 
autografts, compared with a rate of 85.5% for allografts at 1 year 
postoperatively. The authors showed progressive fusion rates for 
both allografts and autografts up to 1 year after surgery. Our re- 
sults of an 85.9% fusion rate in the fibular group are similar to 
the previous prospective data on single-level fusions 28 '. 

However, our findings in the femur group indicate a much 
higher success rate for femur allografts than for fibular allografts. 
At the 1-year follow-up, the average change in the disc height 
was 2.6 mm, the change in the segmental angle was 4.7°, the 
change in the segmental height was 2.5 mm, and there was no 
significant difference in the average changes between this group 
of patients and the fibular group. The high fusion rate (93.1%) 
and clinical outcome scores of the patients in the femur group 
compare favorably with those in the fibular group. During fol- 
low-up, 3 patients presented with cage migration, and 2 pa- 
tients presented with screw loosening. However, no patient re- 
quired additional surgery during the follow-up period. In these 
cases, the amount of cage resorption was not different from the 
mean results, and as the patients had good postoperative NDI 
scores, the clinical outcome was unaffected. 

Ann et al. 7) used the degree of subsidence as a direct measure- 
ment of change in the intervertebral disc space height, and re- 
ported a subsidence rate of 19% at 12 months' follow-up. We 
defined subsidence as a difference of more than 3 mm between 
the immediate postoperative segmental angle and the follow-up 
segmental angle, as reported for synthetic interbody cages 11 ', 
since subsidence is thought to be overestimated by the bone 
growth of the upper and lower endplates in the intervertebral 
disc space. In the femur group, the subsidence rate was 31.0% 
(18/58) at 6 months and 43.1% (25/58) at 12 months. In the fib- 
ular group, subsidence was 37.5% (24/64) at 6 months and 
50.5% (32/64) at 12 months. These results suggest that femur al- 
lografts were superior to fibular allografts in preventing subsid- 
ence, although there was no significant difference in this result. 

The femur allograft used in the current study was collected 
from human cadaveric donors and prepared in a precision 
tooled cortical cervical spacer 7 '. This allograft was then processed 
and preserved via freeze-drying or freezing for 2 years 13 '. No ir- 
radiation was used in the sterilization process. Our results in the 
femur group, especially the resistance to postoperative disc and 
segmental height loss and increased kyphosis, suggest an im- 
provement in the quality of this graft over previous grafts. It con- 
tains tooth-like protrusions on the superior and inferior surfaces 
that aid in resisting retropulsion. It also has a lordotic angle from 
anterior to posterior of about 5 degrees. This design may help to 
keep the femur allograft intact for a longer period, thus prolong- 
ing its life as a mechanical device before it is finally incorporated 



into the surrounding bone during the fusion process. 

Our clinical results showed significant improvement in pa- 
tient pain and disability when compared with the preoperative 
condition. Neck and arm pain scores were most significantly 
improved, but they are less statistically reliable as an outcome 
measure than the NDI scores. Our NDI results were similar to 
the results from other reports on fusion using allografts 19 '. The 
NDI scores were statistically improved after 1 month in each 
group and also improved over time, with the improvement sta- 
bilizing after 6 months in both groups. The 12-month postop- 
erative NDI scores for the 2 groups were nearly identical (27.8 
in the femur group and 25.2 in the fibular group), indicating 
that a good clinical outcome was achieved with both types of 
interbody grafts. The overall performance of the femur allograft 
appears to be comparable with that of the fibular allograft. 

An anterior cervical plate can increase the immediate postop- 
erative stability and thus enhance fusion. It also decreases the 
extent of graft collapse and subsidence, preventing postopera- 
tive kyphosis formation 24,25 '. Although clinical outcomes and 
fusion rates are similar in patients with fixed-hole or slotted hole 
dynamic plates, the use of a fixed-hole dynamic plate is more fa- 
vorable with regard to graft subsidence and implant translation 
in the follow-up period 12 '. In this study, although all patients un- 
derwent anterior plating, the results based on plating were not 
included in our investigation because different types of plates 
were used. This is a limitation of the current study. 

CONCLUSION 

Femur allograft cages appear to be superior to fibular al- 
lografts in increasing and preserving the segmental height and 
angle until at least 12 months after surgery. There were no signif- 
icant differences in clinical improvement between the 2 groups. 
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